INTRODUCTION
============

Laparoendoscopic single-site surgery (LESS) is being increasingly used in urology. Since the first reports of single-site laparoendoscopic nephrectomy, other groups have shown the feasibility of LESS for other applications, including adrenalectomy, prostatectomy and pyeloplasty.^[@B1]--[@B5]^ Nevertheless, major prospective series showing advantages of LESS over conventional laparoscopy are still missing.^[@B6]^ Although several groups have shown that the use of LESS increases patient satisfaction and expedites recovery, no differences have been observed in terms of perioperative morbidity.^[@B7]^ Many reports are also still missing a standardized reporting system, such as Clavien-grading. The major advantage of the LESS approach is minimal scar formation due to the use of a transumbilical suturing technique.^[@B8]^ Drawbacks of the LESS procedure include technical difficulty and lack of teaching opportunities.^[@B9]^ In addition, new curved instruments have to be used to offer adequate retraction and triangulation for dissection.^[@B10]^ Consequently, LESS procedures remain limited to more experienced laparoscopic surgeons.^[@B11]^ New LESS-users are frequently forced to add at least one additional trocar to complete the case safely and successfully. Several groups are currently using needlescopic instruments to achieve positive cosmetic results.^[@B12],[@B13]^ Most currently available ports are single-use platforms and are very costly.^[@B14]^ In addition, modified scopes and highly specialized instruments are required to conduct LESS surgery. Since evidence for LESS is still limited and investment costs are considerable, many urologists are doubtful about setting-up a LESS program.^[@B15]^ Reusable laparoscopic instruments have been shown to dramatically reduce per case cost.^[@B16],[@B17]^ The X-cone (Karl-Storz, Germany) is the first reusable LESS platform, allowing for a simplified LESS concept based on conventional laparoscopic instruments and few additional tools.^[@B18]^ Limited flexibility is one of the major concerns for the use of these metal-based reusable ports.^[@B8],[@B18]^

Herein, we assessed the versatility of this reusable device for upper and lower urinary tract procedures. Perioperative data were recorded including Clavien grading and pain scale measurements. Finally, the cost of LESS was compared with disposable platforms, conventional laparoscopy and open surgery for the most frequently performed intervention in the series (nephrectomy).

PATIENTS AND METHODS
====================

To date, we have performed LESS-procedures in 52 consecutive patients. Data were prospectively collected for analysis. Institutional review board approval was obtained before data analysis (350/2011A). Nephrectomy (simple and radical), adrenalectomy, partial nephrectomy, pyeloplasty, renal cyst ablation, pelvic lymphadenectomy, and lymphocele ablation were indications for LESS **([Table 1](#T1){ref-type="table"})**. Demographic information, body mass index, patient history, surgical indication, operative time, estimated blood loss (EBL), length of hospital stay (LOS), complications, and pathology results were analyzed. Data were available for all variables. Complications were classified according to the Clavien-Dindo grading system.^[@B19]^ Clavien grade I/II complications require nonsurgical interventions that deviate from typical postoperative standards including blood transfusions. Clavien grade III complications required surgical intervention with sedation (IIIa) or general anesthesia (IIIb). Grade IV-complications are life-threatening requiring ICU-management, while grade V is equivalent to patient\'s death.

###### 

Demographic and Perioperative Characteristics

                                  Age (y)          Sex        OR-Time (min)      Blood Loss (ml)   Pain Scale (VAS^[a](#TF1-1){ref-type="table-fn"})^   Stay (days)    Clavien-grades   Laterality (r,l)   3 mm^[b](#TF1-2){ref-type="table-fn"}^ (n=)   Multi-port (n=)   Pathology
  ------------------------------- ---------------- ---------- ------------------ ----------------- ---------------------------------------------------- -------------- ---------------- ------------------ --------------------------------------------- ----------------- --------------------
  Nephrectomy (n=18)              49.33 (20--83)   m=7, f=9   110.47 (60--151)   81.33 (20--300)   2.13 (1--5)                                          4.87 (3--11)   1 (grade 2)      l=11               2                                             1                 Benign (13)
  r=7                             RCC (5)                                                                                                                                                                                                                                  
  Partial nephrectomy (n=3)       59.67 (46--75)   m=2, f=1   90 (53--111)       140 (20--250)     1.67 (1--3)                                          5 (3--7)       1 (grade 2)      l=2                0                                             0                 pT1a, GI, R0, RCC
  r=1                                                                                                                                                                                                                                                                      
  Adrenalectomy (n=2)             59.5 (54--65)    m=2        114,5 (103--126)   160 (120--200)    1                                                    3.5 (3--4)     0                l=2                1                                             0                 Adenoma
  Pyeloplasty (n=4)               42.5 (20--69)    m=2        89.75 (66--111)    17.5 (15--20)     1.5 (1--2)                                           3.5 (3--4)     0                l=1                2                                             0                 n/a
  f=2                             r=3                                                                                                                                                                                                                                      
  Cyst ablation (n=4)             48.25 (36--55)   m=1        75.25 (62--91)     35 (10--50)       1.25 (1--2)                                          3.75 (2--6)    0                l=2                0                                             0                 Benign cyst
  f=3                             r=2                                                                                                                                                                                                                                      
  Lymphocele ablation (n=6)       69 (61--74)      m=6        40.83 (23--60)     10.83 (10--15)    0.83 (0--2)                                          2              0                l=2                0                                             0                 Lymphocele
  r=4                                                                                                                                                                                                                                                                      
  Pelvic lymphadenectomy (n=15)   63.8 (52--78)    m=15       88.73 (62--132)    25.67 (15--50)    1.07 (0--3)                                          3.13 (2--6)    1 (grade 3)      l=15               1                                             2                 Positive nodes n=9
  r=15                                                                                                                                                                                                                                                                     

VAS = visual analogue scale.

3 mm = needlescopic assistance.

Pain assessment was conducted using the objective visual analogue pain scale (VAS) ranging from 0 (no pain) to 10 (maximum pain).^[@B20]^

Reusable LESS-system
--------------------

The X-Cone (Karl-Storz, Germany) is a reusable multichannel device for single-port surgery consisting of 2 self-retaining steel shells creating a funnel sealed by a silicone rubber cap **([Figure 1](#F1){ref-type="fig"})**. During insertion, 2-mirror L-shaped half shells were connected to each other creating an asymmetric X-shaped funnel. The larger opening was directed extracorporeally to the operator side, and the smaller opening was positioned intraabdominally **([Figure 1](#F1){ref-type="fig"}b-d)**. The waist of the X-Cone was placed at the abdominal wall level fixing the system. For sealing against gas loss, the top side of the funnel was covered with a silicone cap with 4 holes, 1 for gas desufflation by a curved cannula and 3 self-sealing openings for the telescope and operating instruments **([Figure 1](#F1){ref-type="fig"}e)**.

![*Assembly and use of the X-Cone: a.* median transumbilical open access; *b.* insertion of the first half of the port; *c.* insertion of both metal shells of the port; *d.* complete port assembly; *e.* intraoperative view showing the telescope/instrument setup; *f.* final view after umbilical reconstruction.](jls0021330200001){#F1}

A curved roticulating forceps was used in conjunction with a rigid extralong 30° 5-mm laparoscope (Karl Storz, Tuttlingen, Germany), a 5-mm grasper, 5-mm scissors, and a 10-mm Clip-applier (Weck, Hemolock), all of which are regularly used instruments in laparoscopic surgery. The set was complemented by a 3-mm bipolar forceps, a 3-mm atraumatic grasper and 3-mm scissors. Hemostasis and dissection were performed using either the Harmonic scalpel (Ethicon) or BiCision (ERBE Germany). For all upper urinary tract procedures, patients were positioned in a lateral decubitus position and transumbilical access was used. Lower-tract interventions were done with the patient in a steep Trendelenburg position also using a transumbilical approach. Nephrectomy, partial nephrectomy, adrenalectomy, and dismembered pyeloplasty were done according to standard laparoscopy. Pelvic lymphadenectomy included the obturator fossa, external, internal and common iliac artery, as recommended for high-risk prostate cancer staging. Specimens were retrieved through the umbilicus using EndoCatch bags. The umbilical access was closed in layers using interrupted absorbable sutures while umbilical reconstruction was done using absorbable sutures **([Figure 1](#F1){ref-type="fig"}f)**.

Principle of Dissection
-----------------------

We used a simplified combination of one prebent grasper and one straight standard instrument. The telescope was introduced through the lowest opening of the trocar, while 10-mm and 12-mm instruments were passed through the central access. All other instruments were applied through the 4 openings accordingly, allowing for counterintuitive movements and retraction. Dissection was always carried out by the straight instrument and the surgeon\'s dominant hand, significantly shortening the learning curve. The extralong instrument was only used for retraction and stabilized by the camera assistant. Due to this technical modification, instrument crowding was reduced, and more freedom for the operating surgeon could be created during dissection. Additional needlescopic instruments were only inserted percutaneously when technical difficulties occurred. Any use of additional percutaneous instruments was reported separately.^[@B13]^ Data are expressed descriptively as mean and range.

Cost analysis was conducted for the most frequently performed intervention in the series (nephrectomy) to analyze the financial aspect of the reusable LESS-system. The cost-comparison between standard laparoscopic nephrectomy and open surgery was done based on patients who had undergone surgery in the last year. Surgery was performed by various surgeons. We analyzed the mean perioperative cost per procedure based on operating room fees, consumables, fixed material, and other material cost. The 3 different techniques were statistically compared using a nonparametric Mann-Whitney-U *t* test. Statistical significance was set at *P* \< .05.

RESULTS
=======

We performed urologic LESS procedures in 52 consecutive patients, including nephrectomy (n = 18), adrenalectomy (n = 2), partial nephrectomy (n = 3), pyeloplasty (n = 4), renal cyst ablation (n = 4), pelvic lymphadenectomy (n = 15) and lymphocele ablation (n = 6). Mean age was 50.04 y (32 males and 20 females). Mean BMI was 22.6 (range, 18.1 to 28.7). All procedures were conducted through transumbilical access. There was no conversion to open surgery. Conversion to standard multiport laparoscopy was necessary in 3 cases and addition of a single 3-mm instrument was necessary in 6 cases. Intra- and postoperative complications occurred in 3 (Clavien II in 2 and III in 1) and 0 cases **([Figure 1](#F1){ref-type="fig"})**.

Nephrectomy was conducted left-sided in 11 cases and right-sided in 7 cases. Mean age was 49.33 y (range, 20 to 83), and mean OR-time was 110.47 min (range, 60 to 151). Radical nephrectomy was performed in 5 cases. Negative surgical margins were achieved in all cases. Estimated blood loss was 81.33 mL (range, 20 to 300). Mean postoperative VAS-score was 2.13 (range, 1 to 5), and average hospital stay was 4.87 d (range, 3 to 11). Postoperative prolonged ileus was noted in one patient (grade II). Conversion to multiport laparoscopy was necessary in one patient, while single-needlescopic assistance was used in 2 cases.

Partial nephrectomy without clamping was done in 3 patients (2 males, 1 female; mean age 59.67 y, range, 46-75) with a mean OR-time of 90 min (range, 53 to 111). Estimated blood loss was 140 mL (range, 20 to 250) and VAS was 1.67 (range, 1 to 3). Mean hospital stay was 5 d (range, 3 to 7). All had negative surgical margins (pT1a, R0, RCC). Prolonged ileus was observed in one patient (grade 2).

Dismembered pyeloplasty was performed in 4 patients (2 males, 2 females) with a mean age of 42.5 y (range, 20 to 69). Mean OR-time was 89.75 min (range, 66 to 111) and VAS was 1.5 (range, 1 to 2). Average hospital stay was 3.5 d (range, 3 to 4). An additional needlescopic instrument was required for suturing in 2 patients.

Bilateral pelvic lymphadenectomy was done in 15 men with high-risk localized prostate cancer for staging purposes. Mean age was 63.8 y (range, 52 to 78), and mean OR time was 88.73 min (range, 62 to 132). Estimated blood loss was 25.67 mL (range, 15 to 50), and VAS was 1.07 (range, 0 to 3). Hospital stay ranged from 2 d to 6 d (mean, 3.13). Lymph node yield averaged 15 (range, 9 to 23), and positive nodes were found during histopathology in 9 patients. One patient experienced small bowel injury, requiring intracorporeal suturing (grade 3) using an additional trocar. Needlescopic assistance was used in 1 case for retraction. All patients reported a satisfactory cosmetic result of the transumbilical access.

Open nephrectomy was the most cost-effective technique with mean perioperative costs of 3686 € (range, 2882 to 5162) followed by LESS costing 3844 € (range, 2835 to 4655) and standard laparoscopy (4052 €; range, 3274 to 5854). There was no statistically significant difference between the respective groups (*P* \> .33). Fixed material costs and consumable costs were highest in laparoscopic nephrectomy (1791 €), whereas OR-fees were lowest (2198 €) in this group. In the LESS-group, consumable cost and fixed cost were respectively lower (1594 €), while the OR-fees were similar (2209 €). Even though open surgery required the highest OR-fees (2824.45 €), it was still the most cost-effective approach due to its limited fixed and consumable costs (753 €). Hence, LESS based on a completely reusable platform is not more cost-intensive than standard laparoscopy.

DISCUSSION
==========

Since the initial report of LESS nephrectomy by Rane and Raman, several investigators have demonstrated its technical feasibility on a variety of urological procedures. These include reconstructive procedures, such as pyeloplasty, complete ureteral replacement, ureteroneocystostomy, and challenging procedures such as partial nephrectomy, radical prostatectomy, and ultimately donor nephrectomy.^[@B1],[@B2],[@B4]^ The development of multiple single-use multichannel ports and homemade devices has been promoted.^[@B21]^ Others advocate a single-incision multiple-port access in conjunction with flexible trocars.^[@B22]^ Finally, even robotic assistance has been introduced to further increase surgical complexity.^[@B23],[@B24]^ The advantages of LESS are mainly related to improved cosmetic results but also reduced postoperative pain, time of hospitalization, and convalescence.^[@B25],[@B26]^ Raman et al.^[@B27]^ were the first to report a case-control study comparing LESS with conventional laparoscopy. They compared LESS with laparoscopic nephrectomy. The advantages of LESS over standard laparoscopy were limited to a subjective cosmetic improvement which was not specifically measured or quantified. Autorino et al.^[@B28]^ reported that outcomes after LESS in non--high-risk patients were comparable to conventional laparoscopy. Tugcu et al.^[@B25]^ compared LESS simple nephrectomy with triangular laparoscopic nephrectomy. Recovery time was reduced in the LESS group, and all the patients were pleased with the cosmetic outcome. Even though some aspects have already been proved, large-scale randomized trials are still unavailable to determine surgical and oncological efficacy.^[@B28]^ However, a large metaanalysis of all available trials has shown that LESS was more successful than standard laparoscopy in terms of perioperative measures, while fully maintaining patient safety.^[@B26]^

Many independent institutions have made efforts for a transition from standard laparoscopy to LESS. However, LESS has not yet replaced standard laparoscopy, even at large-volume institutions.^[@B29],[@B30]^ This may be a consequence of several limitations inherent to LESS, including technical problems due to instrument collision and in-line vision, limited teaching facilities and ultimately cost.^[@B31]^ The latter is problematic whenever robotic assistance is used.^[@B23]^ Costs of conventional LESS are also an issue considering that most multichannel devices are consumables. In addition, flexible instruments are not reusable.^[@B32]^ The fact that most platforms are disposable is particularly important throughout the learning curve. Many groups are doubtful about starting LESS, because conversion to standard multiport laparoscopy is likely to occur. Reusable ports and instruments may help to overcome this limitation.^[@B16]^ This is the first study on LESS based exclusively on reusable instruments. We used a novel LESS-platform (X-Cone Karl-Storz, Germany) consisting of 2 metal shells and a reusable silicone cap.^[@B18]^ Our report describes the initial series of LESS urological procedures for various applications using a reusable platform. Even though the flexibility of the port may be limited to a variety of urological procedures, it could still be completed including radical and simple nephrectomy, partial nephrectomy, and pyeloplasty as well as pelvic lymph node dissection. Since all cases were approached through a transumbilical access, patient selection was limited to nonobese subjects in all upper-tract procedures. Auxiliary needlescopic instruments were only necessary in 11.5% of the cases, and conversion to triangular laparoscopy was needed in only 5.8%. No open conversion was required. Complications occurred in 3 patients of which 2 were Clavien grade 2 (prolonged ileus) and 1 was grade 3 (bowel injury managed by suturing). There were no transfusions or other perioperative complications compromising the safety of the approach. Postoperative pain measurements were low and comparable to other reports.^[@B8]^ In all oncology cases, negative surgical margins could be achieved with pelvic lymph node yield being comparable to laparoscopic or robotic dissection.^[@B33]^ Finally, subjective cosmetic results and umbilical appearance were satisfactory in all patients.

Intraoperative ergonomy is currently a significant issue. We used a combination of one straight and one curved instrument in all cases. Only the standard instrument was used for dissection and preparation, whereas the prebent grasper only served for retraction. We set up a simple set of instruments requiring only the reusable multichannel port, one curved grasper and an extralong telescope. All additional instruments were taken from a standard laparoscopy set. When looking at cost-effectiveness, the reusable platform offers a clear advantage over a disposable port system. Following the initial purchase of the X-Cone, a financial break-even can be achieved after conducting fewer than 4 cases when looking at the most popular LESS-multichannel-port systems (1130€ X-Cone versus 350€ disposable platform per use). When comparing LESS with open surgery and laparoscopy to perform nephrectomy, we could show that LESS was more cost effective than standard laparoscopy, while open surgery was still more economical than LESS for this application. Nevertheless, differences between the respective groups were not significant. Evidence suggests that LESS based on a completely reusable platform is not more expensive than standard laparoscopic nephrectomy. This observation supports the use of reusable devices for LESS. The relatively low-cost will likely reduce the threshold to use a LESS-approach since a conversion to standard laparoscopy or mini-laparoscopy does not add any additional cost. Such a hybrid approach may be particularly helpful in the learning curve to maintain patient safety.^[@B11]^ In a step-wise model, additional skills can be acquired to ultimately perform pure LESS-interventions, without auxiliary instruments.^[@B9]^ We generally recommend the use of additional needlescopic instruments as necessary, especially in the case of right-sided nephrectomies. The use of additional instruments in complicated cases is sometimes imperative for the safe and successful performance of LESS-procedures. Right-sided nephrectomies especially require a 3-mm instrument for liver retraction. The use of additional instruments has also been proposed in literature by other investigators.^[@B4],[@B7],[@B13],[@B34]^ A meticulous selection of cases appropriate for a LESS approach is likely to reduce additional instrument use.

A wide array of LESS-procedures is feasible in urology using a cost-effective reusable platform. Despite the low complication rate LESS remains technically challenging, and the threshold for downgrading to mini-laparoscopy should be decreased to guarantee patient safety.

CONCLUSIONS
===========

LESS-procedures can be conducted safely and cost effectively using a completely reusable platform. With proper patient selection, complication and conversion rates are low. Cosmetic outcomes are excellent. Morbidity is lower compared with standard laparoscopy. A simplified dissection technique using a combination of conventional and curved instruments helps decrease the learning curve. LESS-nephrectomy using this platform is more cost-effective than standard laparoscopic nephrectomy. Prospective, randomized clinical trials are ultimately required to assess the short-term advantages and long-term oncological outcomes of LESS in urology.
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